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Diatom indicesAbstract Ecology of IsmailiaCanal and its brancheswere studied under a comprehensive programof
theFreshwater and lakesDivision,National Institute ofOceanography andFisheries. Sixteen stations
were selected quarterly in Ismailia Canal and its branches during 2011. Physical and chemical charac-
ters of water with surface sediment were sampled. Diatoms dominated the epipelon community,
whereas chlorophyceae and cyanobacteria were rarely present. One hundred sixty-seven epipelic spe-
cies were recorded. Diatoms were dominated by the centric diatoms Cyclotella spp. and Aulacoseira
spp.Most frequent diatom species underwentmultivariate analysis of TWINSAPN to clarify the clas-
siﬁcation of diatom species and CCA to correlate them to the most effective environmental parame-
ters. Most species were positively affected by eutrophication, PO4 and NH4, and seasonal related
factor, temperature, whereas some other species were negatively affected by pH and SiO2. Three dia-
tom indices were applied to assess the ecological status of the studied area. Diatom species were tested
as ecological bioindicators and four diatom taxa.Cocconeis placentula,Achnanthidiumminutissimum,
Fragilaria construens var. venter, Navicula atomus and Nitzschia gracilis satisﬁed the indicator selec-
tion criteria for some ecological parameters. Trophic Diatom Index (TDI), Eutrophication Pollution
Index (EPI-D) and the Pampean Diatom Index (IDP) were applied. The results of the TDI revealed
that the majority of the canal stations were in the acceptable ring but showed non-signiﬁcant relation
with the eutrophication parameters. Both IDP and EPI-D classiﬁed the stations of the canal and its
branches in the high and good category of ecological status, respectively, which were not the real state
in the canal and its branches as revealed by their correlation with the eutrophication parameters. The
application of diatomic indices developed in foreign country cannot be applied in Egyptian environ-
ment and the development of indices based on the Egyptian ecoregions is very necessary.
ª 2014 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
In aquatic ecosystems a considerable attention has been direc-
ted to periphyton in the past two decades, to investigate their
contribution to the whole ecosystem production (Lamberti,
Figure 1 Sampling stations in Ismailia Canal and its branches.
386 M.S.A. El-Karim1996 and Underwood and Kromkamp, 1999), mobilizing the
nutrient to the pelagic poor water (Wetzel, 1996), their partic-
ipation in both pelagic and benthic food webs (Galanti and
Romo, 1997) and their use as biomonitoring and bioassess-
ment tools (Murtaugh and Pooler, 2006). High nutrients load-
ing, sometimes, play an important role in determining both
periphytic abundance as well as community compositions.
Some periphytic species have a high afﬁnity for P and/or N
and may respond more rapidly to P inputs relative to other
wetland components (McCormick et al., 2001; Noe et al.,
2002); thus they are important in the uptake and storage of
P (Wetzel, 1999 and McCormick and Scinto, 1999).
Monitoring of nuisance impacts in running waters becomes
a necessary task. Instrumental monitoring of running waters is
not the best, leaving expensive equipment in the ﬁeld puts it at
a risk. In addition, it is difﬁcult to predict the interactive or
synergistic combined inﬂuences of chemicals on aquatic biota
through instrumental monitoring (Lowe and Pan, 1996).
Aquatic organisms integrate all of the inﬂuential of biotic
and abiotic parameters in their habitats; they provide continu-
ous records of environmental quality (Simon, 2000). Cazaubon
(1991) considered the epipelon as a memory of stress that rep-
resents a warning of severe water quality. This consideration is
applicable to the epipelic diatomic ﬂora of rivers that serve as a
good descriptor of those perturbations.
Benthic diatom species composition responds directly to
nutrients (Stevenson and Pan, 1999), and can be more stable
indicators of trophic state. The relationship between stream
diatom groups and nutrients has been the subject of a number
of studies in recent years (Kelly, 2003 and Szczepocka and
Szulc, 2009).
This study aimed to investigate the distribution of epipelic
algae in Ismailia Canal; Using multivariate statistical
approaches, Canonical Corresponding Analysis (CCA) and
TWINSPAN analysis to verify the effect of environmental
variables on the occurrence and distribution of most frequent
taxa and the efﬁcacy of using epipelic diatoms as bioindicators
and a tool for monitoring water ecological status.
Materials and Methods
Site description
Ismailia Canal was constructed in 1862 by two agreements
between the Egyptian Government and the Suez Canal Com-
pany for creating a navigable waterway between the Nile and
the Suez Canal. Today it is only used for irrigation and to pro-
vide drinking water for towns along its course. The canal inlet
originated from the Nile at Cairo and runs directly to the east
to Ismailia City (Fig. 1). Ismailia Canal is 128 km long, its
depth is about 1–3 m and its width is about 30–70 m. At Isma-
ilia City, the canal bifurcates into two branches: one to the
north to Port Said City (90 km, length) and the second to
the south to Suez City (80 km, length).
Sampling stations and sampling
The sampling program of water and sediment samples com-
menced during 2011 (four successive seasons). Sixteen stations
were selected to represent the most distal downstream, water
ecology and habitats. Eight stations were selected along thearea extended from the mouth of the canal at Mazalat region
to Ismailia City, four stations in the Suez Branch and four sta-
tions in Port-Said Branch (Fig. 1). Stations 13 and 15 were not
sampled due to the stony structure of the canal bed at these
points. Surface sediment was collected using Ekman grab.
Sampling was repeated several times till undisturbed sample
was obtained. From the surface layer (about 2 cm), about
ten square centimeters of surface sediment were collected into
a 100 ml glass bottle and preserved by few drops of
formaldehyde.
Laboratory analysis
Homogenized samples (0.5 g of clay bottom and about 2 g of
sandy bottom) were treated with concentrated nitric and
sulphuric acids, heated until all organic matter oxidized. The
samples were washed and concentrated. For living cells; sam-
ples were vigorously stirred for few minutes in a 500-ml beaker
after tap water was added. After stirring, the samples were left
for a few seconds to allow heavier clay and sand particles to
settle, whereas suspended microalgae were poured into a 1 L
glass cylinder. This process was repeated (at least 6–8 times).
Acidic Lugol’s Iodine solution was added. The samples were
concentrated and completed to 100-ml in plastic bottles.
Utermo¨hl (1958) method was applied for counting and identi-
ﬁcation of both digested diatom and living cells using an
inverted microscope (Zeiss, Model, Axiovert 25C). The main
references used for identiﬁcation of epipelic cyanobacteria
were Starmach (1968) and Wehr and Sheath (2004), and dia-
toms were, Cleve-Euler (1953) Patrick and Reimer (1975)
and Krammer and Lange-Bertalot (1986, 1988 and 1991),
and Chlorococcales were Tikkanen (1986) and Dillard (1991).
Statistical analysis
Two-Way Indicator Species Analysis (TWINSPAN) was used
to classify the entire data set based on the cover estimates of
169 taxa (Hill, 1979). The groups were identiﬁed on the basis
of their indicator and dominant species. Canonical Correspon-
dence Analysis (CCA) is a multivariate analysis technique,
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set of environmental variables. CCA was carried out to 51 taxa
with relative abundanceP 10% at the sampling stations. CCA
biplots were drawn with Cano Draw for Windows (Canoco for
Windows version 4.5, Ter Braak, 1987). The environmental
parameters used for CCA analysis were carried out by Abdo
et al. (2012).
Species optima and tolerance
A species optimum represents the environmental variable
concentration at which that species is most abundant. A spe-
cies tolerance represents the range of environmental variable
concentrations around the optimum in which the species is
found. The species optimum and tolerance were calculated
using the weighted average equation following Birks et al.,
(1990):
The weighted average species optimum, Uk:
Uk ¼
Xn
i¼1
YikXi=
Xn
i¼1
Yik; and
The weighted average species tolerance, Tk:
Tk ¼
Xn
i¼1
YikðXi UkÞ2=
Xn
i¼1
Yik
" #1=2
where, Yik is the abundance of taxon K in sample i, and Xi is
the value of environmental variable in sample i.
Water Quality Ecological Status of the studied area
Three diatom indices were employed for the evaluation of the
ecological status of Ismailia Canal and its branches. Trophic
Diatom Index (TDI, Kelly and Whitton, 1995), Eutrophica-
tion Pollution Index (EPI-D, Dell’Uomo, 1996) and the Pam-
pean Diatom Index (IDP, Gomes and Licursi, 2001) were used.
The Diatom Indicator Database version 3.2 (Schmidt-Kloiber
and Hering, 2012) was used for the three applied indices.
Table 1 shows the normative deﬁnitions of ecological status
classiﬁcation of the used diatomic indices.
Results
Transparency was least in Suez (41.9 cm) and Port Said
(40.3 cm) branches compared with Ismailia Canal (60 cm)
(Table 2). In average, electrical conductivity, TDS, nitrite
and nitrate-nitrogen were lower in Ismailia Canal (421 lS/
cm, 279 mg/L, 10 lg/L and 80 lg/L, respectively) compared
with Suez (499.9 lS/cm, 330.4 mg/L, 13.2 lg/L and 96.5 lg/
L, respectively) and Port Said (485.9 lS/cm, 325.1 mg/L,
12.6 lg/L and 115.7 lg/L, respectively) branches.Table 1 Normative deﬁnitions of the ecological status classiﬁcation
Ecological state TDI IDP
High quality <35 0–0.5
Good quality 35–50 >0.5–1.5
Average quality 50–60 >1.5–2
Bad quality 60–75 >2–3
Poor quality >75 >3–4Ammonium–nitrogen was highest in Ismailia Canal (466 lg/
L), whereas reactive phosphorus was higher in Port Said
branch (2.3 mg/L).Epipelic Community
One hundred and sixty seven taxa, belonging to 35 genera and
three classes were recorded. The composition of the diatoms
group changed spatially and temporally. The planktonic
centric diatoms Cyclotella spp., especially C. ocellata, and
Aulacoseira spp, dominated the epipelon community in the
studied area. The pinnate diatom Fragilaria construens was
second dominance. Synedra acus was more abundant along
Ismailia Canal and at stations 9 and 10 of Suez branch.
Cyanobacteria were represented by Chroococcus limneticus
Lemm. at station 8. The chlorococcal taxa Pediastrum simplex
Meyen and Scenedesmus ecornis (Ehren.) Chod. were domi-
nants at stations 12 and 16, respectively.
Epipelic algae were much higher in the main stem of Isma-
ilia Canal (3047 · 104 cells cm2) than in Suez (of 1626 · 104
cells cm2) and Port Said (395 · 104 cells cm2) branches. Dia-
toms dominated Ismailia Canal and its branches, whereas
chlorophyceae and cyanobacteria were rarely and scarcely
present (Fig. 2). Diatoms were dominated by the centric forms,
Cyclotella spp. and Aulacoseira spp. The two genera consti-
tuted an annual mean percentage of 87% of the total diatoms.
Centric diatoms, as the total epipelic, were much higher in the
main stem of Ismailia Canal (2957 · 104 cells cm2) than in
Suez (1475 · 104 cells cm2) and Port Said (of 215 · 104
cells cm2) branches. C. ocellata was the most abundant dia-
tom taxon; it had two peaks, an outburst of 17024 · 104
cells cm2 which was detected at station 3 during winter and
a minor peak of 11802 · 104 cells cm2 at station 2 during
spring. Fragilaria construens var. venter was the most represen-
tative of pinnate diatoms year round at different localities.
F. spp constitute an annual percentage mean of 12% of the
total diatoms. Fragilaria taxa had a comparable annual mean
development at the main stem of Ismailia Canal (257 · 104
cells cm2) and Suez branch (232 · 104 cells cm2), but higher
than Port Said branch (88 · 104 cells cm2).
Twinspan classiﬁcation
According to the ﬁfth level of TWINSPAN (Fig. 3), 14 stations
were classiﬁed using the 167 species which clustered the sam-
pling stations into six groups labeled A–F. Each group was
nominated after dominant or indicator species. Group A,
was separated at division level 1, group F at level 2, group B
at level 3, group E at level 4 and groups C and D at level 5
(Fig. 3). Group A includes Cocconeis placentula var euglypta,
F. construens and Pediastrum simplex Meyen as dominants.of the used diatomic indices.
EPI-D Color Water quality class
0–1.0 Blue I
1–1.7 Green II
1.7–2.3 Yellow III
2.3–3 Brown IV
3–4 Red V
Table 2 Seasonal mean of water physical and chemical parameters at studied stations (after Abdo et al., 2012).
Station Trans cm EC lS/cm TDS mg/l pH DO mg/l BOD mg/l COD mg/l NH4 lg/l NO2 lg/l NO3 lg/l PO4 lg/l SiO2 mg/l
1 77.5 402.8 270.8 8.3 8.5 4.0 6.0 425.9 12.0 106.9 39.3 2.1
2 67.5 407.8 270.4 8.3 8.8 4.0 5.9 366.4 11.4 68.3 45.4 2.0
3 66.3 416.3 276.9 8.3 7.8 4.0 6.7 448.0 9.2 70.8 30.3 3.3
4 55.0 418.5 275.9 8.2 7.9 4.4 6.7 422.5 11.4 76.8 45.1 3.1
5 55.0 423.5 278.9 8.2 8.8 4.4 6.1 369.8 11.5 76.3 56.9 2.9
6 52.5 426.3 281.9 8.3 9.4 5.3 5.9 742.1 8.0 79.6 41.3 2.8
7 46.3 437.8 288.7 8.3 8.9 4.9 6.8 470.5 8.8 78.7 46.2 2.5
8 57.5 432.5 284.8 8.3 8.0 5.3 6.5 480.7 10.0 80.5 56.9 2.1
9 42.5 432.0 284.7 8.4 8.9 3.4 6.1 533.0 10.3 88.3 51.4 1.9
10 45.0 443.8 293.1 8.3 10.1 4.9 6.0 354.0 11.1 64.9 64.9 1.6
11 37.5 508.3 333.7 8.3 9.7 5.6 6.6 347.2 13.4 104.4 61.9 2.4
12 42.5 615.8 410.2 8.3 7.8 3.9 9.7 256.7 17.9 128.3 64.4 2.4
13 42.5 471.5 313.2 8.2 8.3 4.3 6.8 340.5 14.3 150.7 32.2 2.4
14 57.5 473.0 316.5 8.3 8.8 4.1 6.5 309.1 10.8 97.1 35.5 2.0
15 28.8 469.0 314.6 8.3 8.6 5.1 6.1 428.6 13.8 108.3 39.6 2.3
16 32.5 530.3 356.0 8.3 8.4 2.8 5.7 316.1 11.4 106.8 54.2 2.6
388 M.S.A. El-KarimThis group includes stations 12 and 16, and referred to the
ends of the branches. Group B includes F. construens, Fragilar-
ia sp. and S. acus as dominants. This group was present at sta-
tions 1, 7 and 10. Group C includes F. construens, Fragilaria
sp. and S. acus as dominants, it includes stations 6, 8, 11
and 14. The other groups include the centric species, Cyclotella
spp. and Aulacoseira spp. as dominants with high abundance
and frequency.
CCA analysis between epipelic distribution and environmental
factors
The most abundant and frequent epipelic diatoms and 8 envi-
ronmental factors were applied to the CCA analysis (Table 3
and Fig. 4). The correlation coefﬁcient between the ﬁrst envi-
ronmental factors axis and species axis was 0.61, while that
for the second axes was 0.65, indicating a close relationship
between epipelic diatoms and environmental variables. Two
canonical roots were extracted explaining 54.8% of the vari-
ance observed. The ﬁrst two species axes have correlation
coefﬁcient of 0.01. Eight environmental factors affected epip-
elon distribution with different degrees. Transparency, temper-
ature, pH, PO4, and SiO2 had great inﬂuence on epipelon as
indicated by their high correlation with the two signiﬁcant
canonical roots. Most species were marginally affected by
transparency except species of group D and two species of
group B (Melosira varians and Fragilaria acus). Species of
group D and majority of groups C and B were positively
affected by eutrophication, PO4 and NH4 and temperature,
whereas they were negatively affected by pH and SiO2
Species optima and tolerance
The seasonal mean weighted average optima (Table 3) of con-
ductivity range from 297 lS/cm (Nitzschia obtusa) to 494 lS/
cm (C. placentula). Four diatom species satisﬁed the indicator
selection criteria for conductivity as Nitzschia gracilis (488 lS/
cm), Navicula cryptocephala (458 lS/cm), Fragilaria sp.
(453 lS/cm), and S. acus (455 lS/cm). For BOD optima, the
seasonal mean ranged from 7.9 mg/L (Cyclotella kuetzingiana)
to 2.2 mg/L (F. acus). Diatom species as Amphora perpusilla(6.6 mg/L), Fragilaria sp. (7.8 mg/L), Nitzschia gracilis
(7.3 mg/L) and S. acus (7.8 mg/L) satisﬁed the indicator selec-
tion criteria for BOD.
The seasonal mean of the optima of ammonium-nitrogen
ranged from 634 lg/L (F. acus) to 229 lg/L (Cyclotella kuetz-
ingiana). Four diatom species satisﬁed the indicator selection
criteria for ammonium as Achnanthidium minutissimum
(564 lg/L), M. varians (586 lg/L), Navicula cocconeiformis
(564 lg/L) and Nitzschia paleaeformis (615 lg/L). The seasonal
mean of the optima of reactive phosphorus ranged from 68 lg/
L (Nitzschia ﬁliformis) to 21 lg/L (S. acus). Entomoneis alata
(67 lg/L), C. placentula (61 lg/L), Cyclotella operculata
(61 lg/L) and Epithemia sorex (60 lg/L) satisﬁed the indicator
selection criteria for reactive phosphorus.
Diatom indices
All classes of water quality status classiﬁed by TDI were pres-
ent in Ismailia Canal and its branches (Table 4). Accordingly,
ﬁve stations (1, 7, 8, 9 and 10) had high water quality; two sta-
tions (5 and 6) had good water, ﬁve stations (2, 3, 4, 11 and 12)
belonging to the third class of moderate water quality class and
one was bad (station 14) and very bad (station 16) water qual-
ity class. According to EPI-D, the stations of the area of study
had good ecological status, whereas the application of IDP
showed that all stations had very good ecological status except
station 12 (good ecological status).
Discussion
Indicator organisms must be sufﬁcient to yield meaningful
data, and must have a community structure that changes in
response to the ecosystem stressors of interest, thereby allow-
ing identiﬁcation of the community attributes which would
be expected to be present under unimpacted reference condi-
tions. The results of this study revealed that many species sat-
isﬁed the indicator selection criteria as indicator species in
Ismailia Canal and its branches. In this context, C. placentula
had the highest optimum conductivity (494 lS/cm) and opti-
mum reactive phosphorus (61 lg/L). C. placentula was
reported by Van dam et al. (1994) as species thrive in
Table 3 Abundance means, maximum (density · 104 cells cm2) and Opt. and Tol. of conductivity, BOD, reactive phosphorus and
ammonium of most frequent diatom species in Ismailia Canal and its branches.
Code Species name Max. Mean Species group in Fig. 4 Cond. lS/cm BOD mg/l PO4-P lg/l NH4-N lg/l
Opt. Tol. Opt. Tol. Opt. Tol. Opt. Tol.
1 Achnanthidium minutissimum (Kutz.) Czar. 2.4 66 C 420 16 4.3 0.8 41 11 564 118
2 Amphora ovalis (Kutz.) Kutz. 0.22 2 B 374 93 4.3 1.5 42 9 349 134
3 A. perpusilla Grun. 1.43 66 B 429 8 6.6 1.0 29 2 251 20
4 Aulacoseira islandica (Mull.) Simon. 2420 114576 A 410 16 5.4 0.2 39 10 339 118
5 A. granulata (Ehren.) Simon. 1582 70860 C 415 21 4.2 0.5 46 17 474 120
6 A. granulata v. angustissima (Mull.) Simon. 170.4 7920 B 422 18 4.8 0.6 45 12 396 135
7 Bacillaria paradoxa Gmel. 3.06 130 B 447 39 4.3 0.4 43 13 477 56
8 Cocconeis placentula Ehren. 1.08 16 D 494 43 4.9 1.3 61 20 486 141
9 C. placentula v. euglypta (Ehren.) Grun. 7.68 266 A 452 124 5.0 0.9 54 17 357 141
10 Cyclotella kuetzingiana Thwa. 4.32 160 C 396 12 7.9 0.7 25 6 229 41
11 C. meneghiniana Kutz. 16.02 552 D 444 31 4.5 1.1 51 15 381 146
12 C. ocellata Pant. 13617 599214 B 416 21 4.2 0.6 41 17 455 117
13 C. operculata (Agard.) Kutz. 8.82 398 B 380 41 5.6 0.6 61 18 282 113
14 Cymbella cymbiformis Agard. 0.1 2 C 422 2 4.0 1.9 42 3 390 6
15 C. minuta Hilse 0.48 6 B 419 14 4.6 2.1 55 16 481 184
16 C. silesiaca Bleis 4.36 198 B 413 9 4.2 0.4 37 9 451 46
17 C. sp. 0.14 2 C 340 80 3.9 1.1 54 4 350 126
18 Entomoneis alata (Ehren.) Ehren. 0.22 4 B 434 165 3.9 6.1 67 12 386 216
19 Epithemia sorex Kutz. 0.18 5 C 436 3 2.3 0.3 60 17 462 82
20 Eunotia sp. 1.04 15 C 414 9 4.3 0.9 49 16 539 143
21 Fragilaria biceps (Kutz.) Lange-Bert. 3.74 100 C 387 24 2.2 0.6 58 21 634 188
22 F. construens v. venter (Ehren.) Grun. 526.5 17382 C 426 27 4.3 0.8 43 16 445 143
23 F. sp. 115.4 395 B 453 28 7.8 0.3 24 7 291 39
24 Gomphonema olivaceum (Horn.) Breb. 1.47 66 B 418 16 4.2 0.4 54 7 397 105
25 G. parvulum (Kutz.) Kutz. 2.74 130 C 418 96 5.8 0.7 45 14 367 124
26 Gyrosigma macrum (Smith) Grif. & Henf. 0.34 4 C 335 200 4.4 0.9 48 10 349 59
27 G. acuminatum (Kutz.) Raben. 0.22 2 C 415 84 4.6 2.6 46 13 371 141
28 Melosira varians Agard. 19.88 355 B 376 42 2.3 0.8 57 20 586 210
29 Navicula atomus (Kutz.) Grun. 0.12 1 B 450 29 4.1 3.4 29 7 352 18
30 N. cincta (Ehren.) Ralfs 0.18 2 A 402 183 4.0 2.8 59 15 366 174
31 N. cocconeiformis Greg. 0.14 2 C 448 30 4.5 2.1 49 14 564 47
32 N. cryptocephala Kutz. 0.28 5 C 458 10 4.8 1.2 36 4 493 67
33 N. graciloides Mayer 0.78 13 B 388 99 3.7 2.4 39 7 353 138
34 N. pupula Kutz. 4.3 198 C 421 17 5.3 1.1 39 11 314 60
35 N. radiosa v. tenella (Breb.) Van Heur. 0.44 16 D 426 1 4.3 0.4 44 0 536 75
36 N. salinarum Grun. 0.7 7 B 379 172 4.6 1.1 52 20 330 131
37 N. sp. 4.3 195 C 373 113 5.1 1.0 47 16 334 152
38 Nitzschia amphibia Grun. 1.76 63 B 351 118 4.6 0.6 50 14 273 113
39 N. dissipata (Kutz.) Raben. 1.6 65 C 411 14 4.4 0.7 38 9 421 66
40 N. ﬁliformis (Smith) Hust. 0.48 12 A 347 187 4.8 1.5 68 1 305 123
41 N. gracilis Hant. 1.36 55 A 488 18 7.3 1.2 35 4 269 40
42 N. obtusa Smith 0.14 2 A 297 216 2.9 0.2 55 11 303 49
43 N. palea (Kutz.) Smith 0.24 2 B 384 126 4.3 2.8 56 19 451 285
44 N. paleacea Grun. 0.46 5 B 379 109 4.0 1.0 45 13 437 186
45 N. paleaeformis Hust. 1.76 54 D 439 11 4.7 0.2 33 6 615 31
46 N. sigma (Kutz.) Smith 0.26 5 B 353 136 3.1 0.8 52 7 373 249
47 N. sp. 5.44 264 C 447 39 6.3 0.7 41 12 312 70
48 N. sublinearis Hust. 1.33 53 D 320 168 5.8 0.3 44 3 269 14
49 Synedra acus Kutz. 834.7 39600 C 455 19 7.8 0.1 21 8 275 42
50 S. delicatissima Smith. 2.13 41 C 428 6 4.0 0.2 37 4 454 35
51 S. ulna (Nit.) Ehren. 4.09 60 B 416 29 4.2 0.8 42 14 432 206
*The taxa represented in the table were absent at some stations with 0 values, except C. ocellata Pant. Its minimum value was 2 cells · 104 cm2.
Epipelic algal distribution in Ismailia Canal 389environment with higher trophic level (eutrophic taxa), higher
pH and moderate nitrogen contents but it is oligosaprobous
species. Belal (2012) reported that C. placentula had high opti-
mum of total phosphorus (511.5 lg/L) in the River Nile. In the
same time, A. minutissimum satisﬁed the indicator selection cri-
teria for ammonium-nitrogen, where it had the highest opti-
mum value of 564 lg/L. This species classiﬁed as a specieswith higher tendency toward trophic level (7 level, ammo-
nium–nitrogen contents) and moderate tendency (3 level)
towards pH (Van dam et al., 1994). A. minutissimum was
reported as a species thrive in stress and highly disturbed hab-
itats (Peterson and Stevenson, 1992 and Biggs, 1995). It is
adapted to low conductivity and is capable of sequestering
nutrients when concentrations are low (Stevenson et al.,
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Figure 2 Total epipelic (a), Bacillariophyceae (b), cyanobacteria (c) and Chlorophyceae (d) distribution (density · 104 cells cm-2) in
Ismailia Canal and its two branches.
390 M.S.A. El-Karim2008), and it can thrive in conditions characterized by high
BOD values (Belal, 2012). Therefore, it can be argued that this
taxon is associated with continuous physical and chemical
stress (Sabater, 2000).
Fragilaria construens var. venter had higher tendency
toward conductivity (426 lS/cm) and ammonium-nitrogen
(445 lg/L). F. construens is known as eutrophic species, oligos-
aprobous and alkaliphilous (Van dam et al., 1994). Navicula
atomus had higher optimum conductivity of 450 lS/cm and
is reported as hypereutrophic species, meso-polysaprobous,
water quality of class III-IV, needs continuously elevated con-
centrations of organically bound nitrogen (Van dam et al.,
1994). In contradict with our results, in River Nile, Belal
(2012) found that Navicula atomus had lower optimum of
ammonium and conductivity. Nitzschia gracilis had higher
optimum conductivity of 488 lS/cm. Van dam et al. (1994)reported this taxon as mesotrophic species, mesosaprobous
with water quality of class II.
Biological indices such as the IBI for ﬁsh (Karr, 1981), BIBI
for macroinvertebrates (Kerans and Karr, 1994) and TDI for
diatoms (Kelly and Whitton, 1995) simplify the complicated
ecology of streams and rivers into a form that permits rapid
assessment of the overall condition of a stream in a manner
that is easily understood by non-technical resource managers.
Diatom indices can be used in; gaining support and recogni-
tion for diatom-based approaches to water quality monitoring;
providing an indication of water quality and allowing for the
dissemination of simpliﬁed useful information to resource
managers, conservationists and the general public; and allow-
ing for sample and data collection which can then be used later
in the formulation of diatom index (Taylor et al., 2007). The
TDI is one of a number of diatom-based tools developed to
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16
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3
Figure 3 TWINSPAN classiﬁcations of 14 stations to six
divisions at level 4. Indicator species are given for all divisions.
Table 5 Correlation matrix (r) between the applied indices
and the chemical characters.
EC TDS pH NH4 NO3 PO4
TDI 0.21 0.19 0.1 0.12 0.18 0.21
EPI-D 0.29 0.3 0.08 0.07 0.23 0.17
IDP 0.3 0.24 0.01 0.04 0.011 0.44
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Figure 4 CCA biplot of most frequent epipelic diatoms and
environmental factors in Ismailia Canal and its branches, numbers
are the code of the species in Table 3.
Table 4 Ecological status of stations of Ismailia Canal and its branc
Ecological Category, WES; Water Ecological Status.
Stations TDI EP
WEC WES W
1 I Excellent II
2 III Moderate II
3 III Moderate II
4 III Moderate II
5 II Good II
6 II Good II
7 I Excellent II
8 I Excellent II
9 I Excellent II
10 I Excellent II
11 III Moderate II
12 III Moderate II
14 IV Bad II
16 V Very bad II
Epipelic algal distribution in Ismailia Canal 391evaluate nutrient conditions in freshwaters based on taxo-
nomic changes as a measure of the impact of nutrients on eco-
systems. In Ismailia Canal, TDI represented a diverse water
quality, but the results partially correlate (Table 5) with eutro-
phication parameters (EC, TDS, PO4, NH4 and NO3). Other
studies revealed that TDI does not produce truly representa-
tional assessments of the trophic state of waters (Szczepocka
and Szulc, 2009). Rakowska and Szczepocka (2011) applied
three diatom indices (IPS, GDI and TDI) in the assessment
of water quality of Bzura River (Central Poland). They
reported that TDI raised most doubts, mainly because it does
not take into account centric diatoms, which in the Bzura are
dominants, it may perhaps perform well in rivers of low species
richness of the Centrales. Rusanov and Stanislavskaya (2011)
revealed that the application of trophic diatomic indices
developed in Western and Middle Europe makes it possible
to reveal zonal variations in water quality in Ladoga basin
streams, but is not effective for the assessment of eutrophica-
tion of streams. Belal (2012) concluded that diatom indices/
metrics developed in certain parts of Europe are not effective
when used in River Nile. Her conclusion agreed with the ﬁnd-
ings of several authors (Kelly et al., 1998; Pipp, 2002 and Rott
et al., 2003) that diatom indices/metrics developed in certain
parts of Europe are not effective when used in other areas of
the same continent.
The study of Atazadeh et al. (2007) showed that the TDI
characterizes water quality in an arid river in Iran across a
wide range of water quality, giving results that agreed well with
the degree of pollution indicated by physical and chemical
variables and with the combined effects of these factors ashes according to (TDI), (IDP) and (EPI-D) indices, WEC; Water
I-D IDP
EC WES WEC WES
Good I Very Good
Good I Very Good
Good I Very Good
Good I Very Good
Good I Very Good
Good I Very Good
Good I Very Good
Good I Very Good
Good I Very Good
Good I Very Good
Good I Very Good
Good II Good
Good I Very Good
Good I Very Good
392 M.S.A. El-Karimindicated by the Water Quality Index developed by Shariﬁ
(1990). The application of biotic indices by Beltrami et al.
(2007) in the Trentino streams (Northern Italy) showed that
only the TDI reveals the presence of high eutrophic impact,
while IPS and EPI-D reach the III class only for eu-polytro-
phic stations, and suggested that the application of different
indices, such as saprobic and trophic ones, can give more
detailed information on the pollution sources.
The EPI-D classiﬁed the canal and its branches in the good
water quality which did not match with the real state or the
chemical data. EPI-D index had non-signiﬁcant partial corre-
lation with electrical conductivity and TDS, whereas it had
no correlation with NO3, NH4 and PO4 (Table 5). However,
EPI-D has given extremely good results in Italian Mediterra-
nean Rivers (Dell’Uomo et al., 1999 and Torrisi and
Dell’Uomo, 2006). Martin et al. (2010) found that the applica-
tion of the EPI-D diatom index is recommended because of its
inherent advantages. An important reason for the failure of the
application of these diatomic indices is the great differences
between the species pool present in the area of study with
regions where these indices developed. Between more than
one hundred of species recorded in the area of study, only
27, 51 and 67 of the species pool of IDP, TDI and EPI-D were
matched with the species of Ismailia Canal and its branches.Conclusion
It is concluded that some diatom taxa satisﬁed the indicator
selection criteria for some ecological parameters, e.g., C. pla-
centula, A. minutissimum, F. construens var. venter, Navicula
atomus and Nitzschia gracilis. Moreover, the application of
diatomic indices developed in foreign country cannot be appli-
cable in Egyptian environment and the development of indices
based on the Egyptian ecoregions is very necessary.References
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